INTRODUCTION
Isolated atrial septal defect (ASD) constitutes 7-11% of all congenital cardiac defects and is the most prominent cause of chronic volume loading of the right heart (1) . A long volume loading may cause right heart failure, arrhythmia, thromboembolic events, and pulmonary vascular obstructive disease (2) (3) (4) . Therefore, the main aims of ASD closure procedures include restoring the volume load on the right heart and preventing the possible negative impacts that may result from the volume load. Several studies have shown that the surgical closure procedure is usually ineffective for correcting cardiac geometry (5) (6) (7) (8) (9) . This case was reportedly associated with certain causes, such as the surgical technique, effects of pericardiectomy, and contagion of echocardiographic measurements from standard images due to the changing position of the heart. Percutaneous closure has become an alternative treatment method of treatment for secundumtype ASD (10) (11) . Percutaneous closure may be considered as a more objective method than surgery for assessing the effects of the closure procedure on cardiac restoration (12) . The aim of the present study was to assess the effects of the ASD closure procedure on restoring the right heart in the short-and mid-term periods.
cardiac cavities, and ventricular function via transthoracic and transoesophageal echocardiography (TOE) and the defect's eligibility for closure was determined. Furthermore, cardiac catheterisation was performed on each patient and the left to right shunt rate was assessed. Echocardiographic examinations were performed via a Vivid 3 echocardiography device (Vingmed Ultrasound, Norway). The dimensions of the left ventricle (LV) were obtained from the parasternal long axis view by the M-Mode method; furthermore, the end-diastolic dimensions of both ventricles were obtained from the apical fourchamber view. The dimensions of the right atrium (RA) and left atrium (LA) were assessed from the apical four-chamber view; the dimension of the LA was also assessed from the parasternal long axis view. Systolic pulmonary artery pressure (sPAP) was calculated from tricuspid failure jet through Bernoulli equation. The sPAP calculated via echocardiographic findings was accepted as indicative of slight pulmonary hypertension if 40-49 mmHg, moderate pulmonary hypertension if 50-59 mmHg, and severe pulmonary hypertension if ≥60 mmHg.
The percutaneous ASD closure procedure was performed fluoroscopically and transthoracically or via TOE under general or local anaesthesia. Consent was obtained for the ASD closure procedure from each patient before the procedure. A percutaneous ASD closure procedure was performed as pre-defined in the literature (13) . The procedure was started by insertion into the femoral vein; a carrier sheath sent over the guide wire was forwarded to the RA and then to the LA by passing through the ASD. Next, the LA disc of the occluder device sent inside the sheath was opened in the LA and leaned on the inter-atrial septum. After confirmation by echocardiography and fluoroscopy that the device was in the right position, the RA disc was opened and the device was placed into the defect area. After the procedure, clopidogrel was provided for the first 3 months and acetylsalicylic acid was provided for the first 6 months to all patients. Patients continued to use their ongoing therapy which was needed after the procedure and there were six patients whose therapy was including diuretics.
The following day as well as 1, 3, and 6 months after the procedure, all patients were assessed by transthoracic echocardiography and TOE, if necessary; the dimensions of the right and left cardiac chambers, pulmonary artery pressure, and valve and ventricle functions were examined; and the patients were examined for residual shunts.
STATISTICAL ANALYSIS
Continuous variables were defined as mean ± standard deviation, while categorical variables were expressed as percentages. Analysis of variance and χ 2 tests were used to compare continuous and categorical variables, respectively. Pearson's correlation analysis was run to determine the associated parameters. The results were evaluated within a 95% confidentiality interval and significance was evaluated at values of p < 0.05. Statistical analysis and calculations were performed using the Statistical Package for the Social Sciences for Windows 16.0 program.
RESULTS
A total of 88 patients (69 women [78%]; mean age, 38.2 ± 15.2) were enrolled. Of them, 78 (90%) had a single defect, seven (8%) had two defects, and two (2%) had three defects in the inter-atrial septum. The mean diameter of the defect measured by TOE was 19.5 ± 6.7 mm. Slight (40-49 mmHg) pulmonary hypertension was detected in 20% of the patients; moderate (50-59 mmHg) pulmonary hypertension was detected in 3% of the patients; and severe (≥60 mm Hg) pulmonary hypertension was detected in 7% of the patients. The patients' demographic, echocardiographic, and catheter-related findings before the procedure are summarized in Table 1 . The patients with a larger defect diameter had statistically greater RA and right ventricular (RV) dilatation and pulmonary artery pressure (r = 0.33, p < 0.01; r = 0.31, p < 0.01; r = 0.36, p < 0.01, respectively). Furthermore, a positive correlation was detected between age and RA and RV dimensions and pulmonary artery pressure (r = 0.44, p < 0.01; r = 0.43, p < 0.01; r = 0.38, p < 0.01, respectively). 5%) . Of the patients with multiple defects, two devices were used on five (6%) patients and one device was used on the others to close the defect. Home-made fenestrated devices has been recently suggested in the management of patients with pulmonary hypertension to avoid decompensated right heart failure however it was not needed to create such a device in our study. The discrepancy between balloon sizing and actual device size implanted might be remarkable in Table 1 . Accurate device sizing to fit the dimensions of the defect is an important factor for the success and the safety of the method. The company recommends 1-2 mm but our cohort is 3-4 mm larger. However we did not detect any issues with erosions on follow up.
Table1. Demographic and clinical characteristics of the study population.
Complete closure was detected in 99% of the patients; the minimal residual leakage observed in one patient after the procedure had regressed completely by the 1-month follow-up appointment. No major or minor complications were observed in any of the patients; however, during the procedure, two patients experienced a supraventricular tachycardia attack.
A significant decrease in the RA and RV dimensions and pulmonary artery pressure was detected from 1 month after the closure procedure compared with the pre-procedural values (Table 2 ; Figures 1 and 2 ). Furthermore, a significant increase was observed in enddiastolic diameter of the LV as well as the LV/RV diameter ratio 6 months after the procedure compared with the pre-procedural values (44.5 ± 3.9 mm versus 43.7 ± 3.7 mm, 1.4 ± 0.2, p < 0.001 versus p = 0.01; 1.1 ± 0.2). 
Table2. Pre-procedural and follow-up RA, RV dimensions and sPAP values of the study population.

RA: Right atrium, ASD: Atrial septal defect
Figure2. Figure demonstrating the changes of mean ventricle (RV) dimensions in apical four chamber view before and after percutaneous ASD closure over time.
RV: Right ventricle, ASD: Atrial septal defect
The reduction portion (∆RA, ∆RV) that appeared due to cardiac restoration in the RA and RV dimensions at the end of 6 th month associated with previous RA and RV dimensions and cardiac restoring after the procedure was more significant in the patients with a larger pre-procedural RA (r = 0.59, p < 0.01; r = 0.59, p < 0.01, respectively).
The sPAP was >40 mmHg in 31% (n = 27) of the patients. A significant decrease was detected in sPAP in this patient group at the 6-month follow-up compared with previous values (33.1 ± 7.7 mmHg versus 49.4 ± 10.5 mmHg, p < 0.01). The sPAP decreased within the normal range in all of the patients except one, who had
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slight pulmonary hypertension. Among the patients with moderate or severe pulmonary hypertension, the sPAP decreased to <40 mmHg in 56% of the patients within 6 months and decreased in other patients compared with the pre-procedural values; however, sPAP was also detected at >40 mmHg.
DISCUSSION
ASD is the most common cause of chronic exposure of the RA and RV to volume load (13) . Exposure of the right heart to a chronic volume load causes progressive RA and RV dilatation and may lead to the impairment of the ventricular functions as well as pulmonary hypertension (15) (16) (17) (18) (19) . Therefore, the aims of ASD closure are to preserve cardiac function by reducing the volume load on the right heart and prevent the development of pulmonary vascular disease even when the patient is asymptomatic. This basic point was the denominator for attempted ASD closure over the study time period. Studies have shown that cardiac restoring results in a reduced dimension of the right heart and that recovery of the ventricular functions occurs in patients who underwent transcatheter ASD closure (20) (21) (22) . Our findings were consistent with those of previous studies and a significant decrease was observed in RA and RV dimensions from the first month; a significant portion of such changes was observed within the first month, while it continued until the sixth month. Furthermore, an increase in LV dimensions and LV/RV ratio was observed. Thus, global cardiac restoring affecting both the right and left cardiac formations occurs after percutaneous ASD closure.
One study hypothesized that increasing the volume load and duration on the right formation may negatively affect cardiac restoring (9, (23) (24) (25) . In the present study, we detected that the reduction in RA and RV dimensions was more evident in the patients with a greater volume load and wider right heart dimensions despite this hypothesis. Although the data in the literature are conflicting, Santoro et al. compared two groups of patients who underwent an ASD closure procedure during childhood or adulthood for cardiac restoring and did not find any difference in terms of restoring proportion or duration (14) . The findings of another study, consistent with those here, detected greater changes in the heart dimensions of patients with a higher volume load after closure; as such, the heart dimensions became normal or near-normal in those patients with a greater volume load (12) . However, patients with ASD causing a severe haemodynamic left to right shunt flow without pulmonary hypertension were assessed in both studies. Therefore, the restoring process of the right heart exposed to a severe pressure load for a long period of time may differ. Likewise, in the study of Balint et al. that investigated the effects of percutaneous ASD closure procedure to pulmonary artery pressure in patients with moderate or severe pulmonary hypertension, the regression of RV findings in a significant proportion of patients during long-term followup was reported (26) . Despite this, the RV dimensions remained normal in one third of the patients. Furthermore, although a significant regression was observed in mean patient sPAP values, the sPAP value did not decrease to normal limits in most of the patients. Similarly, we observed a significant decrease in sPAP in the patients with pulmonary hypertension; however, we detected that sPAP was still >40 mmHg in almost half of the patients with moderate or severe pulmonary hypertension at the end of 6 months.
It is known that pulmonary hypertension does not appear in all patients with ASD. Studies have reported a pulmonary hypertension prevalence in patients with ASD of 6-17% (26-28). It was suggested that the only factor of the development of obstructive pulmonary vascular disease in patients with ASD was not increased pulmonary flow (26) . A significant yet weak correlation observed between the defect diameter and sPAP in the present study is thought to be that the only factor for the development of pulmonary hypertension was not left to right shunt portion.
CONCLUSION
The percutaneous ASD closure procedure has become a valuable and recognized alternative to surgical closure with a higher success rate and lower risk of complications. Our study results show that cardiac restoring occurs in patients who underwent percutaneous ASD closure from the early term and is more significant in patients with a wider right heart dimension due to an increased volume load. Although sPAP recovery was also observed in patients with pulmonary hypertension, larger-scale studies are required to determine treatment strategies in this patient group.
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STUDY LIMITATIONS
Data that we have are short-and mid-term results. The majority of patients who undergo percutaneous ASD closure procedure in our centre are referred from other cities, meaning that their long-term follow-up is generally performed in other centres. Therefore, we do not have long-term follow-up results of many of our patients. Furthermore, other causes that may lead to pulmonary hypertension in patients with pulmonary hypertension were not investigated in the present study and our study does not include hemodynamics and pulmonary vascular resistance calculations for the study cohort. We also did not have access to use cardiac magnetic resonance in our patients which could be a more accurate way to truly measure geometry in three-dimensional structures.
